Respondents, interviewers, and questions are all sources of potential error in responses to survey questions. Using behavior coding to measure respondent problems and interviewer errors, we assess whether question characteristics influences these behaviors. We also assess whether interviewer errors may help to explain the impact of question characteristics on respondent difficulties. Specifically, we assess whether more difficult questions (e.g., longer or more difficult to read) lead to more respondent problems (e.g., answers that do not fit the requirements of the question) at least in part because more difficult questions also lead to interviewer errors (e.g., deviating from the reading the question as written or failing to probe correctly).
introduction
Researchers have long been concerned about potential error introduced by survey interviewers' behaviors (e.g., van der Zouwen et al. 1991) . Survey interviews involve not only the cognitive task of answering survey questions but are also a form of conversation and a social interaction. Behavior coding is one method used to examine the behaviors of respondents and interviewers and the interaction between them (Willis 2005) . Behavior coding of respondent and interviewer behaviors has been used in cognitive pretesting to identify questions that need to be revised (Willis 2005) , and researchers have also begun to use this approach to study the interaction between interviewers and respondents (e.g., Dykema et al. 1997 ) and the cognitive response process respondents go through to answer survey questions (e.g., Holbrook et al. 2006 ).
The current research uses behavior coding of respondent and interviewer behaviors to examine how question characteristics affect specific interviewer and respondent behaviors and whether interviewer behaviors account for the effect of question characteristics on respondent behaviors. In our previous research, we found that some respondent behaviors indicate problems with question comprehension (e.g., asking for clarification), whereas others indicate problems with mapping a response onto the response format (e.g., giving an inadequate response) and that different question characteristics are associated with behaviors indicating problems with question comprehension and mapping (Holbrook et al. 2006) . In this paper, we extend this work by examining a larger set of more systematically manipulated question characteristics and by considering the role of interviewer behaviors.
methods respondents and procedures
Respondents were 603 adults recruited in Chicago. Approximately equal numbers were African Americans, Korean Americans, Mexican Americans and non-Hispanic Whites. Among Korean Americans and Mexican Americans, half of the interviews were in English and half were in Korean and Spanish, respectively. A complete description of the survey procedures can be found in study 2 of Holbrook et al. (2014) .
measures
Behavior coding. Respondents were asked up to 296 different questions in the audio-and video-recorded computer-assisted personal interviewing (CAPI) interview (not all respondents were asked all questions since the questionnaire involved skip patterns). This resulted in approximately 118,000 question-answer sequences across all respondents. For each question-answer sequence, up to three interviewer and three respondent behaviors were coded by coders who listened to the audio files. Twenty percent of question-answer sequences were validated by a second coder (an exact validation rate of 95.7 percent indicated high reliability). Four behavior variables were constructed at the question-answer sequences level. One variable was coded 1 if the respondent demonstrated a behavior that indicated a question comprehension problem (e.g., a request for clarification) and 0 otherwise; a second variable was coded 1 if the respondent demonstrated a behavior that indicated a mapping problem (e.g., a response that did not meet the question objective) and 0 otherwise; the third variable was coded 1 if the interviewer deviated from reading the question exactly as written (either a major or minor deviation) and 0 otherwise; and the fourth variable was coded 1 if the interviewer failed to correctly probe when he or she should have done so and 0 otherwise. A large number of the question-answer sequences showed interviewer reading problems (n=28,668; 24.2 percent), respondent comprehension problems (n=10,737; 9.1 percent), and respondent mapping problems (n=14,454; 12.2 percent). A smaller but still sizeable number showed interviewer probing problems (n=4,457; 3.8 percent), perhaps not surprising since an interviewer cannot fail to probe correctly unless probing is necessary which would not occur in every sequence.
Question characteristics. The questionnaire was designed to manipulate several question characteristics including response format (open-ended numeric, agree/disagree, yes/no categorical, unipolar fully-labeled scale, bipolar fully-labeled scale with a midpoint, bipolar fully-labeled scale without a midpoint, semantic differential with only endpoints labeled, semantic differential with endpoints and midpoint labeled, and faces scale); type of judgment (subjective, personal characteristic or behavior, objective factual knowledge); whether the judgment was time-qualified or not (i.e., whether the judgment was restricted to a particular time frame); whether the question asked the respondent to report about him or herself or as a proxy for another family member; whether the question was designed to be difficult or not (i.e., some questions in the survey were specifically designed to be difficult in a variety of ways); whether or not there was an explicit do not know or no opinion response option included; whether or not the question was preceded by a do not know filter question or not; and whether the question itself was a do not know filter question. In addition, question length was operationalized as the number of sentences and reading difficulty was operationalized as the Flesch-Kincaid grade level. Finally, each question's sensitivity (0=not at all sensitive, 1=somewhat sensitive, 2= very sensitive) and its level of abstraction (0=concrete, 1=moderately abstract, 2=very abstract) were coded by four coders one from each of the four racial and ethnic groups included in the study whose ratings were averaged. Finally, the position of each questionnaire within the CAPI instrument was captured as a measure of the number of previous questions. Questions that were only answered by part of the sample were counted as one half. (The order of sections of the questionnaire was rotated across respondents.)
Respondent characteristics. Our analyses also controlled for respondent characteristics. Interviewers observed respondent gender (coded 0 for females and 1 for males). Age was coded in years and ranged from 18 to 70. Respondents' number of years of education was coded into 7 categories coded to range from 0 to 1 (0=no school; 0.17=6 years or fewer completed; 0.33=7-9 years completed; 0.5=10-12 years completed; 0.67=13-14 years completed; 0.83=15-16 years completed; and 1=more than 16 years completed. Income was coded to into 6 categories coded to range from 0 to 1 (0=less than or equal to $10,000; 0.20=greater than $10,000 and less than or equal to $20,000; 0.4=greater than $20,000 and less than or equal to $30,000; 0.6=greater than $30,000 and less than or equal to $50,000; 0.8=greater than $50,000 and less than or equal to $70,000; and 1=greater than $70,000). Race/ethnicity and language of interview were coded using five dummy variables (representing non-Hispanic Blacks, Mexican-Americans interviewed in English; Mexican-Americans interviewed in Spanish; Korean-Americans interviewed in English; and Korean-Americans interviewed in Korean with non-Hispanic Whites as the comparison group).
analysis Cross-classified multilevel models where dichotomous variables indicating behaviors are the dependent variables that are nested within question and respondent simultaneously were used. This approach corrects for nonindependence at question and respondent levels and can be used to analyze respondent and question characteristics as well as interviewer and respondent behaviors at the question level. Hierarchical linear and nonlinear modeling (HLM) was used to conduct all analyses. These analyses also controlled for question characteristics and respondent demographics.
results
Results are shown in Table 1 and are presented in the (rough) order in which behaviors occur in the interviewer-respondent interaction. Interviewer reading errors are predicted in model 1. Interviewer reading errors were greater for longer questions and those with higher reading grade levels. They varied somewhat across response formats, but not strongly. Reading errors were also significantly more likely for questions that involved a proxy report, perhaps because these questions tend to be rarer than questions about the respondent him or herself. Interviewer reading errors also increased as the survey progressed, perhaps due to interviewer fatigue. Other question characteristics were unrelated to reading errors.
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All analyses also controlled for respondent gender, race/ethnicity and language of interview, income, education, and age.
a Objective knowledge questions were the comparison group.
b Questions with open-ended numeric response formats were the comparison group. *p<0.05, **p<0.01, + p<0.10.
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Respondent comprehension problems are shown in model 2. Comprehension problems were more common for questions with higher reading grade levels, but not for longer questions. Response format had a big impact on respondent comprehension problems with many question response formats (e.g. yes-no, unipolar scales, bipolar scales, and some semantic differential scales) showing fewer respondent comprehension problems than open-ended numeric questions (the baseline category). Respondent comprehension problems were also greater for questions that were designed to be deliberately difficult and time qualified judgments (e.g., those that required respondents to their judgment to a particular time frame). Respondents also had more comprehension problems with "don't know" filter questions than with other questions -perhaps because it is unusual in everyday conversation to be asked whether you have an opinion about a topic. Proxy questions showed fewer respondent comprehension problems than those asking about the respondent him or herself, although these were all asked late in the interview (the order of the proxy questions was not manipulated) and most paralleled questions asked about the respondent, so this may reflect respondent learning as the interview progresses. Questions that involved a showcard were more likely to result in comprehension problems as well, perhaps because (like answering "don't know" filter questions) this task also does not parallel everyday conversation. Finally, respondent comprehension difficulties were negatively associated with the number of previous questions -suggesting that respondents learned over the course of the interview. A model predicting respondent comprehension difficulties that includes interviewer reading errors as an independent variable is shown in model 3. Interviewer reading errors were unassociated with respondent comprehension problems.
Respondent mapping problems are predicted in model 4. Higher grade reading levels were associated with more problems, but question length was not associated with mapping problems. As with respondent comprehension problems, almost all the other question types showed fewer mapping problems than open-ended numeric questions. However, agree-disagree questions showed more mapping problems than open-ended numeric questions, providing support for the argument that agree-disagree questions are difficult because respondents have difficulty translating their judgments onto the agree-disagree format. Somewhat unexpectedly, more abstract questions and those that were time qualified showed fewer mapping problems, which is inconsistent with our earlier findings (Holbrook et al. 2006 ). More sensitive questions and questions with showcards also showed more mapping problems. The latter finding is somewhat surprising since showcards are designed to aid in the mapping step, but showcards may also be more likely for response formats that are difficult to convey (e.g., semantic differentials with only the endpoints labeled or categorical questions with a large number of response options). Finally, as with comprehension problems, respondent mapping problems also reduced over the course of the interview, suggesting that respondents learn over the course of the interview. A model predicting respondent mapping difficulties that also includes interviewer reading errors as an independent variable is shown in model 5. Interviewer reading errors were unassociated with respondent mapping problems.
Interviewer probing errors are predicted in model 6. Somewhat unexpectedly, deliberately difficult questions were associated with fewer probing errors, perhaps because the purpose of these questions and interviewer responses to problems with them was extensively covered in interviewer training (i.e., it is unusual for interviewers to be given questions that are designed to be problematic and so this was addressed at length in interviewer-training and mock interviews). One might expect question characteristics to influence interviewer probing errors similarly to respondent mapping difficulties, because the former is often the reason why probing is necessary. Consistent with this, the effect of response format on interviewer probing errors was similar to its effect on respondent mapping problems, as were the effects of abstraction, sensitivity, and requesting a time-qualified judgment. In contrast, interviewer probing problems were more likely for deliberately difficult questions and for proxy questions -question characteristics that were not associated with respondent mapping difficulties.
When respondent comprehension and mapping problems were added to the model predicting interviewer probing problems in model 7, both were significant positive predictors. Interviewers were less likely to probe appropriately when the respondent demonstrated either a comprehension or mapping problem. Furthermore, there is weak evidence that respondent problems may partly account for the impact of question characteristics on interviewer probing problems. In particular, the effect of the set of dummy variables representing response formats was smaller in the model shown in equation 7 than the model in model 6, although the effects of other predictors remained virtually unchanged (e.g., abstraction) or were even strengthened (e.g., whether or not the question was a proxy report).
implications, limitations, and next steps
Our findings replicate previous evidence about the effects of question characteristics on respondent difficulties (e.g., Holbrook et al. 2006) , specifically evidence that text reading level and response format are important predictors. We did not replicate the finding that more abstract questions resulted in more respondent difficulties and found that time qualified judgments led only to more comprehension difficulties (not more mapping difficulties as we found in our previous research). However, we note that this research examined a much broader array of question characteristics (for a larger number of questions) and that some of these characteristics were more systematically manipulated than in our past research. Although this is a strength of the current research, the number of question characteristics examined may raise potential concerns about testing them all simultaneously.
(Although many of the factors we examined were manipulated independently and we found relatively weak associations even between question characteristics that were measured.)
Another extension of this research was that we considered interviewer behaviors. We found that question characteristics predicted interviewer behaviors -particularly the type of response format used in the question. However, we found no evidence that interviewer reading errors led to either respondent comprehension or mapping problems, but we did find that respondent comprehension and mapping problems were predictors of interviewer probing problems. These findings are consistent with other evidence examining respondent-interviewer interactions that problematic sequences may be more likely to be initiated by a problematic respondent behavior than by a problematic interviewer behavior (Ongena 2005) .
One of the limitations of our research was that respondents were not randomly assigned to interviewers, because interviewers were race/ethnicity matched to respondents. This is a limitation because we cannot fully consider the effects of interviewer characteristics, but it may also be considered a strength because we wanted to hold the race/ethnicity match/mismatch dimension constant. A second limitation is that the sample used in our study was not a probability sample (and was stratified by race/ethnicity and language) and therefore is not representative of a population.
One of the strengths of these data are that they are stratified by race/ethnicity and language and future analyses of these data will focus on potential interactions between question characteristics and respondent characteristics. 
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